Dr N R C Roberton (Nuffleld Neonatal Research Unit, Institute ofChildHealth, Hammersmith Hospital, London) Monitoring Respiratory Problems in the Newborn In the late 1940s premature babies suffering from respiratory illness were nursed in high concentration of oxygen. Early in the 1950s, with the recognition of retrolental fibroplasia, the oxygen was limited to 40 %, as it was noted that babies given less than 40% oxygen never developed retrolental fibroplasia. In a normal term baby, breathing 40% oxygen with a 10% shunt corresponds to a Pao, of 160 mmHg.
In 1960 Avery & Oppenheimer showed that, following limitation of the environmental oxygen to 40%, there had been an increased mortality from hyaline membrane disease and, at about the same time, Alison McDonald produced evidence that there was an inverse relationship between the incidence of cerebral diplegia and blindness in survivors of extreme prematurity. Ashton (1964) has shown that long-term exposure of the cornea of kittens to 100% O8 causes no retinal injury and it therefore seems likely that it is a high ophthalmic artery Po. which is dangerous to the retina.
The management of babies with respiratory illness therefore involves the assessment of hypoxia and then providing sufficient oxygen to prevent brain injury without damaging the retina. In a child with respiratory distress syndrome, clinical methods of assessing the degree of hypoxia in particular and of hypercapnia and acidaemia are of little or no value; in the term newborn, with predominantly foetal heemoglobin, cyanosis does not appear until the Pao, is 40 mmHg at a saturation of 80-85 %, levels which are probably unsatisfactory; in premature babies who have more Hb F, there will be a shift of the dissociation curve to the left and so cyanosis will not appear until even lower Pao, levels. This is particularly unsatisfactory because the ability to generate heat in a cold environment becomes less efficient at a Pao. of about 50 mmHg. Most normal babies show peripheral cyanosis for some time from birth and in dark skinned races the assessment of cyanosis is even more difficult. Severely acidotic or asphyxiated babies may be peripherally constricted and appear shocked and cyanosed in the presence of a high central Pao,; on the other hand, if the neonate is being nursed in high environmental oxygen concentration, oxygenation of stagnant blood in the superficial skin capillaries, particularly in the very small thin-skinned babies of less than 1,500 g, may give a false impression of adequate systemic oxygenation. Restlessness and tachycardia, classically symptoms of hypoxia in the older child, are no guide in the newborn; on the contrary, those most hypoxic tend to lie very still and maintain a heart rate of only 120/min despite external stimuli. In a child with hyaline membrane disease in particular, the Kussmaul respirations of adult acidimia are not seen and tachypncea tends to be a sign of a baby who will do well rather than one with a poor prognosis.
Many neonatal units dealing with infants suffering from respiratory illness measure pH, Pco2, standard bicarbonate and base excess on arterialized capillary blood, but the most important measurement is the Pao2. Many babies, particularly the larger term baby with the respiratory distress syndrome, show normal acid base levels with a low Pao.. At the other end of the scale, there is no conceivable way of assessing clinically when the Pao2 is too high. For these reasons we feel at Hammersmith that the only satisfactory method for monitoring infants with respiratory problems is to measure directly the Po2, pH and Pco, on arterial blood. For the last three years we have been measuring these routinely in cases of respiratory distress on blood obtained from an umbilical artery catheter. At the present time we are using the Instrumentation Laboratories apparatus which requires 100 ,il of blood for all three estimations. The apparatus is calibrated against gas mixtures of CO2 and 02 in nitrogen and buffer solutions of known pH.
Umbilical artery catheterization is relatively easy for the first time up to 48-72 hours of age though we have done this at 10 days. We routinely spray all umbilical cords with antibiotic powder and this provides a sterile field through which the catheter is inserted. This is particularly important when catheters are inserted for the first time after 48 hours of age. Even the smallest feetuses of less than 400 g can be catheterized. On cutting the Wharton's jelly 1 cm from the end, the umbilical arteries are easily identified, they are gently teased open and the catheter slides easily in. We use a FG 5 polyvinyl catheter which we insert approximately 10 cm or slightly less in very small babies. Occasionally obstruction is encountered at a depth of 4-5 cm due presumably to spasm where the arteries join the iliac vessels. We have inserted over 300 catheters; our failure rate is about 5% and this type of obstruction is the commonest cause. The catheters are kept patent with heparinized saline (10 units/mil) and tied in place with catgut; we usually leave them in place for 48-72 hours, flushing them through with heparinized saline each time they are used; they can be left longer without ill effect but we would be unwilling to change them after 4-5 days. To remove the catheters the cord stump is freshened, a purse-string suture is inserted around the catheters and pulled tight as they are removed. Our complication rate is very low. A very small Section ofMeasurement in Medicine number (3-4%) have developed arterial obstruction to the legs with pallor and diminished pulses which immediately improved on removing the catheter. Five children who came to post-mortem had evidence of ante-mortem thrombosis in the geat vessels; they had all been in a state of peripheral collapse for some time before death and the thrombosis was in no case the primary cause of death. In 2-3 % of cases a small himorrhage occurred on removing the artery catheter but this can be avoided by careful freshening of the cord and has never been of serious consequence.
If we fail to insert an umbilical artery catheter, we try to insert a radial artery catheter by a cut douw technique at the wrist or we advance the umbilical venous catheter into the right or left atrium to obtain samples from there. We are unwilling to do direct arterial punctures or arterialized heel pricks for serial studies as these are both traumatic to the sick child and also much less accurate. Aspiration of hiematoma round the arterial puncture may give falsely high Po2 values and these are of little value from heel pricks. Both procedures make babies cry and this can lower their Pco2.
Once we have a catheter in situ we can take serial samples without disturbing or traumatizing the baby. If we take more than 1 % of the baby's body weight in blood (i.e. more than 20 ml from a 2,000 g baby) we give it a top-up transfusion of fresh compatible blood.
Dr Jagdish Gupta, using these techniques, has established the normal blood gas levels in the newborn. At 6 hours of age Pao2 was 69 mmHg (range 55-91 mmHg) and by 48 hours it has risen to 90 mmHg (range 70-98 mmHg). The pH values were at or around 7 30 at 6 hours of age and nearly all rise to 7 40 at 24 hours of age. At 6 hours most infants had Pco2 of 20-30 mmHg. Thereafter the term infants have Pco, in the range 25-40 mmHg and the premature infants have a range of 15-30 mmHg.
These figures provide the levels we aim to achieve in therapy. We give sufficient oxygen to maintain a Pao, of 80-110 mmHg and try to maintain the pH at 7 25-7-35, by intravenous alkali or artificial ventilation, whichever is appropriate.
In the respiratory distress syndrome there is a large right-to-left shunt which in severe cases may exceed 60%. The magnitude can be calculated from the shunt equation, when the baby is breathing 100% O.. Graphs have been constructed connecting points with identical shunts at varying alveolar and arterial Po2 levels; from the shunt lines we can deduce the magnitude of the shunt. They give a useful guide to the progress of the baby, as an increasing shunt indicates deterioration or vice versa. It has been suggested that a large percentage of the right-to-left shunt occurs at the level of the ductus arteriosus and that the Po, in the arch of the aorta is much higher than in the lower abdominal aorta where the catheter lies. Inserting catheters into the radial and umbilical arteries and withdrawing simultaneous samples we have usually obtained identical results, suggesting that the shunt is largely intracardiac. As soon as a child with a clinical diagnosis of respiratory distress syndrome is admitted to the Neonatal Ward at Hammersmith, umbilical arterial and venous catheters are inserted and an initial recording of Po2, pH and Pco2 taken. It is of paramount importance to measure the ambient oxygen concentration at the same time, otherwise values of the Pao2 are meaningless. We then give the child 100% 02 to breathe by face mask for 15 minutes and remeasure the blood gas tensions. This gives us an accurate estimate of the shunt and it has been shown in several centres that the initial Po2 in 100% 02 is a good prognostic index. Babies who are unable to raise their Pao2 above 100 mmHg in 100% 02 have about an 80% mortality rate, those who increase the Pao2 to above 100 mmHg have a 10-15 % mortality.
We adjust the environmental oxygen to maintain the baby with a normal Pao2. The danger level is 40% 02 in the environment, which corresponds to a Pao% of 160 mmHg; this we set as our upper safety limit. There is evidence that pulmonary surfactant does not reappear at low pH so the sooner this is corrected the better. Often the correction of the pH by a single large intravenous dose of alkali will cause a dramatic change in the baby's clinical condition, in the shunt and in the Pao2; so we measure the blood gases again 15 minutes after injecting alkali and readjust the ambient oxygen concentration accordingly. In the severe case we measure the blood gas tension every time we inject alkali or alter the environmental oxygen until we achieve stability, preferably with a Pao. of 80-110 mmHg, a pH of 7-3 or more and a normal Pco2. This may mean four or five samplings in the first hour or two. From then until 24-48 hours we check the gas tensions every 4-6 hours or more frequently if there is an obvious clinical change in the baby's condition. Thereafter the measurement becomes less frequent and is usually aimed at adjusting the environmental oxygen to prevent dangerously high Pao2 levels as the child improves.
As well as inserting catheters in cases of respiratory distress syndrome we use them in other situations, particularly the very small babies who have apnoeic attacks without hyaline membrane disease.
Here again it is vitally important to measure blood gas tensions as it is very temptingto increase the environmental oxygen during a cyanotic attack and to leave it up when the child is breathing normally and has a dangerously high Pao2.
It is in this group that the danger of retrolental 22 fibroplasia is greatest. If the apnoeic attacks become too frequent then the child will probably need to be artificially ventilated and the gas mixtures used should be chosen in the light of the Pao, levels.
Since we have used umbilical arterial catheters at Hammersmith we have given up to 100% O.
for long periods of time without hesitation if the Pao2 was low. We are at present following up all our cases and have no figures as yet on the incidence of cerebral diplegia. All our babies are, however, routinely examined by an ophthalmic surgeon while they are on the Neonatal Unit. Only one child showed slight retinal proliferation suggestive of early retrolental fibroplasia and in this baby Pao2 was not monitored. No florid cases have been found. Four very small babies, one of which had no arterial catheter, had early histological signs of retrolental fibroplasia at postmortem.
In conclusion, then, we feel that adequate management of neonates with respiratory distress involves inserting arterial catheters and then measuring the pH, Pco2 and particularly the Po2 on arterial blood samples. The environmental oxygen should be adjusted to keep the Pao2 between 80 and 110 mmHg and 100% 02 should be used, if indicated, for as long as is necessary.
